Pseudomonas species can spoil and deteriorate refrigerated proteinaceous foods through growth and extracellular proteolytic activity. Synthesis of extracellular proteases is believed to be regulated by end product (i.e., amino acid) repression (6). We studied the repressive effect of different amino acids on protease production by Pseudomonas fluorescens NC3 and observed cysteine to be the most effective (B. H. Himelbloom, Ph.D. thesis, North Carolina State University, Raleigh, 1985) . It has been shown to inhibit growth and protein synthesis in procaryotes (2, 8, 11, 14) . Also, extracellular protease and a-amylase production by Aspergillus niger (18) and Bacillus subtilis (15) , respectively, is inhibited by cysteine. During the course of our studies on the inhibitory effects of cysteine on growth and protease synthesis, we noted that it also induced catalase in P. fluorescens NC3. These findings form the body of this report.
P. fluorescens NC3 was used throughout (10) . Basal and sodium caseinate medium compositions were reported previously (10) . In transfer experiments, P. fluorescens NC3 was grown in a 500-ml flask, containing 100 ml of basal medium, for 18 h at 25°C and 150 rpm in a Psychrotherm shaker (New Brunswick Scientific Co., Inc.). Cells were centrifuged (5,800 x g, 10 min, 4°C) and then washed with 100 ml of sterile 50 mM Tris-1 mM MgCl2-6H20-1 mM CaCl2 * 2H20 buffer (pH 7.8), and the pellet was suspended in 15 addition of 0.1 M KNO3, which served as an electron acceptor to the basal (basal-nitrate) and sodium caseinate (caseinate-nitrate) media. Media were anaerobically equilibrated in a Coy chamber (Coy Laboratory Products), at 23°C for 48 h. P. fluorescens NC3 was subcultured anaerobically three times in the basal-nitrate medium before it was used to inoculate the caseinate-nitrate medium (initial ODwoo = 0.06) containing various cysteine concentrations.
Extracellular protease was assayed using the hide powder azure method (10) . Under the assay conditions used, Lcysteine (3 mM) had no inhibitory effect on the enzyme activity. Dialyzed cell extracts were prepared (9), and catalase was assayed at 240 nm (1, 9). Protein in the cell extracts was quantitated (13) . Catalase activity was visualized after polyacrylamide gel electrophoresis in 7.5% acrylamide disc gels (4) by using a catalase-specific stain (3). The gels were scanned at 420 nm by using a Gilford 2600 spectrophotometer.
Cysteine concentrations greater than 3.0 mM inhibited growth of P. fluorescens NC3 in the sodium caseinate medium. The generation time (g,) for cultures in media containing less than 1.5 mM cysteine was similar to the control culture (g, = 1.9 h), while cultures with 3.0 or 6.0 mM cysteine had g, = 2.4 and 3.6 h respectively. Cell growth was severely inhibited by cysteine concentrations greater than 6.0 mM (Himelbloom, Ph.D. thesis). Protease production decreased in media containing at least 0.5 mM cysteine (Fig. 1) . D-Cysteine similarly inhibited growth and protease production (unpublished data). Mid-to late-log-phase cells were most sensitive to the presence of 3.0 mM cysteine (Fig.  2a) . Protease levels for all cysteine-treated cells were 6-to 25-fold lower than those of the control culture (Fig. 2b) .
Cells increased their catalase activity within 1 h after the addition of cysteine (Fig. 2c) . Catalase activity increased 2.5-to 6-fold and remained consistently higher in the cysteine-treated cultures than in the control culture. Two catalase isozymes were observed, and the activity of both isozymes increased in cultures exposed to cysteine (Fig. 3) .
Under anaerobic conditions and in the presence of nitrate as an electron acceptor, growth of P. fluorescens NC3 was slightly inhibited by 3.0 or 6.0 mM cysteine (Fig. 4a) However, in media containing 9.0 mM cysteine, growth followed a biphasic response and attained final cell yields similar to the control. Catalase levels increased in all cultures, but catalase activity for the cysteine-treated cultures was similar to the control (Fig. 4b) . The increase in catalase activity in anaerobically grown cells is due to the presence of nitrate, as previously reported in Escherichia coli (9) . Low amounts of protease (<10 U of protease per ODwo) were produced in all anaerobic media (data not shown).
These data clearly establish that the effects of cysteine on growth, protease, and catalase are oxygen dependent. Aerobic autoxidation of cysteine is known to generate oxyradicals and hydrogen peroxide (2, 7). Furthermore, hydrogen peroxide has been shown to induce catalase in E. coli (17, 19) and in Salmonella typhimurium (5). Therefore, we attempted to simulate the effect of cysteine by the addition of hydrogen peroxide (1.5 mM) to the growth medium (Fig. 5) . Under these conditions, hydrogen peroxide was only inhibitory during the initial 2 h of growth (Fig. 5a) , while protease and catalase were not affected (Fig. 5b and c) . Microorganisms are known to actively transport amino acids, and their intracellular concentration may become 100-to 300-fold greater than the extracellular concentration (12) . Therefore, it is conceivable that the intracellular hydrogen peroxide generated via the autoxidation of intracellular cysteine is much higher than 1.5 mM. Attempts to add higher concentrations of hydrogen peroxide caused severe inhibition of growth. Furthermore, the exogenous addition of catalase to the media did not relieve the observed effects of cysteine (Himelbloom, Ph.D. thesis), thus suggesting no release of hydrogen peroxide from the cells. In conclusion, we propose that the mechanism for cysteine inhibition of growth and protease production by P. fluorescens NC3 is related to the autoxidation of intracellular cysteine in the presence of oxygen to generate oxyradicals and hydrogen peroxide; however, the increase in catalase activity suggests a mechanism by which the cells overcome this lethal effect. 
